Angiotensin II stimulates MAP kinase kinase kinase activity in vascular smooth muscle cells, Role of Raf.
Both angiotensin II (Ang II) and platelet-derived growth factor (PDGF) rapidly increase intracellular Ca2+ and activate protein kinase C (PKC) and MAP kinase in vascular smooth muscle cells (VSMCs). However, Ang II causes cell hypertrophy, whereas PDGF causes hyperplasia. These findings indicate that VSMCs are a good model for studying the relationship between cell growth and the MAP kinase pathway. In this study, we investigated the role of Raf in activation of 42- and 44-kD MAP kinases. Western blot analysis showed that c-Raf-1 was the predominant Raf isozyme in cultured rat aortic VSMCs. In response to Ang II, there was translocation of Raf to the membrane, which occurred significantly earlier than MAP kinase activation, suggesting that Raf activation precedes MAP kinase activation. Translocation of Raf to the membrane resulted in association with H-Ras as shown by c-Raf-1 coprecipitation with anti-Ras anti-bodies. Western blot analysis of H-Ras immunoprecipitates revealed c-Raf-1, but c-mos, MEK (MAP kinase/extracellular signal-regulated kinase) kinase-1 (MEKK-1), and Raf-B were not present. MAP kinase kinase kinase (MAPKKK) activity was assayed in c-Raf-1 and H-Ras immunoprecipitates by MAP kinase kinase-dependent phosphorylation of catalytically inactive 42-kD MAP kinase. In Ras immunoprecipitates, MAPKKK activity was stimulated approximately threefold by both Ang II and PDGF, with a peak at 5 minutes. Downregulation of PKC by 24-hour exposure to phorbol ester significantly inhibited Ang II-stimulated and PDGF-stimulated MAPKKK activity (approximately 80% decrease) and Raf translocation (approximately 90% decrease), suggesting that a phorbol-responsive PKC is upstream from MAPKKK and Raf. In contrast, Ang II (but not PDGF) stimulation of MAP kinase was unaffected by PKC downregulation or pharmacological PKC inhibition. These findings demonstrate for the first time that Ang II stimulation of MAP kinase may occur via a pathway independent of c-Raf-1 and of the phorbol-responsive PKC isozymes. The differing effects of Ang II and PDGF on VSMC growth may be a consequence of specific signal transduction events, as demonstrated here for activation of MAP kinase.